Parvoviruses are well-recognized etiologic agents of infectious diarrhea1 disease in dogs, 5 cats, 6 mink, 12 and cattle. 15 In swine, porcine parvovirus (PPV) infections have been associated with reproductive failure 11 and a vesicular-like disease. 10 Although natural and experimental infections of piglets with strains of PPV associated with reproductive disorders result in viral replication and viremia, clinical signs of diarrhea and lesions of enteritis have not been observed. 3, 7, 9 However, parvovirus as a primary etiologic agent of diarrhea1 disease in swine was proposed recently by researchers in Canada 8 and in Japan. 16 This communication presents morphologic evidence of a naturally occurring enteric infection of a nursing piglet by a parvovirus-like virus.
In August 1988, specimens from 2 15-day-old nursing piglets from a 400-sow breeding herd located in northeast Nebraska were submitted by a local veterinarian to the Veterinary Diagnostic Center for laboratory examination. During the previous month, diarrhea had occurred in piglets 7-10 days of age, and morbidity and mortality were approximately 40% and 30%, respectively. Treatment had consisted of supportive oral fluid and antibiotic therapy. Pregnant animals had been vaccinated with a commercial product for prevention of swine colibacillosis and clostridial and rotavirus enteritis.
Clinical signs of diarrhea and dehydration were seen in 1 piglet, and nervous signs and pneumonia were observed in the other. The 2 piglets were euthanized, and samples of heart, lung, liver, small intestine, spleen, and kidney were fixed in 10% buffered formalin. Samples of heart and small intestine were also submitted chilled on ice for diagnostic examination.
Histopathologic examination of hematoxylin and eosin (HE)-stained sections of small intestine revealed severe diffuse necrosis of the cells of the crypts of Leberkuhn with collapse of the lamina propria and denudation of intestinal Received for publication July 19, 1990. villi ( Fig. 1 ). Many intranuclear inclusion bodies were also seen in necrotic crypt epithelial cells (Fig. 2 ). Multifocal areas of myocardial necrosis characterized by central collections of necrotic debris surrounded by few mixed inflammatory cells were present in sections of heart. Gram stain revealed clusters of gram-positive coccoid bacterial organisms in the center of the necrotic zones. Direct immunofluorescence antibody tests performed on frozen sections of intestine and transmission electron microscopic (TEM) examination of negatively stained intestinal contents were negative for the presence of rotavirus (RV) and transmissible gastroenteritis virus (TGEV). Pilus-negative Escherichia coli was isolated from the intestinal sample, and large numbers of Staphylococcus aureus were cultured from the sample of heart. Selected samples of formalin-fixed intestine with lesions of viral enteritis were washed in distilled water and postfixed in 0.1 M Sorenson's phosphate-buffered glutaraldehyde and osmium tetroxide. The tissue blocks were embedded in araldite, processed for ultrathin sectioning, stained with uranyl acetate and lead citrate, and examined with a TEM. a Ultrastructural examination confirmed the presence of viral particles in nuclei of necrotic crypt epithelial cells (Fig. 3) . The viral particles were nonenveloped, had a cubic symmetry, and were 19-21 nm in diameter ( Fig. 4) .
Attempts to use filtered sterilized homogenate made from pieces of fresh intestine saved at -80 C at the time of submission to propagate virus by culture onto primary porcine lung cells and porcine fallopian tube cell line were unsuccessful. The same sample yielded negative results for the presence of PPV by direct DNA hybridization and polymerase chain reaction assays 13 (Molitor RW, Oraveerakul K, Choi CS, unpublished data). Two of 3 gnotobiotic piglets, euthanized 24 and 48 hours after oral inoculation at 1 day of age with the filtered sterilized homogenate of intestine, exhibited diffuse blunting of villi in sections of small intestine examined by light microscopy. Direct fluorescent antibody tests on frozen sections of small intestine from the 3 gnotobiotic piglets were negative for the presence of porcine group A RV, TGEV, and PPV. Conversely, TEM examination of intestinal contents was positive for the presence of RV particles in the 2 piglets with histologic lesions of viral enteritis. Polyacrylamide gel electrophoresis of RNA extracted from the RV-positive intestinal contents yielded electrophoretic patterns consistent with porcine group C RV. 14 The virus seen by ultrastructural examination of sections of intestine was classified as a member of the genus Parvovirus based on (a) tropism for intestinal crypt epithelial cells, (b) evidence of viral factories and capsid assembly in nuclei of infected cells, and (c) characteristic morphology of viral particles. 1, 4 Infection by astrovirus or calicivirus was ruled out on the basis of virion size and location of viral maturation in host cells. 2 Detection of a group C RV after passage of filtered sterilized intestinal homogenate in gnotobiotic pigs suggests that group C RV were present in the original sample in numbers below the detection limits of the TEM technique. Negative fluorescent antibody tests for porcine group A RV on samples of intestine from the field case and gnotobiotic pigs inoculated with intestinal homogenate are consistent with the reported lack of antigenic cross-reactivity between group A and group C porcine RVs. 14 A porcine group C RV might have been enzootic on the farm and could have contributed to the neonatal diarrhea1 syndrome.
Adenovirus and herpesviruses provide helper functions for replication of some members of the family Parvoviridae; it is possible that group C RV could serve a similar function in swine. 1 An association between parvovirus-like virus particles and rotavirus-like particles in feces of diarrheic piglets has been seen by other investigators. 2, 8 The parvovirus-like virus present in our case is likely to be an autonomous parvovirus based on the absence of other viral agents in ultrastructural studies and evidence of productive replication in infected cells.
Parvoviruses have been isolated from feces of pigs with diarrhea in Canada 8 and Japan. 16 Neither report presented morphologic evidence of viral replication in affected pigs. However, results of serologic analyses indicate that some of the parvoviruses associated with enteric infection of swine may be antigenically distinct from those associated with reproductive disorders. Identification of parvovirus-like virus in a naturally occurring case of piglet diarrhea has important implications in terms of prevention, diagnosis, and control of neonatal swine diarrhea. Moreover, morphologic changes in sections of small intestine similar to those reported with parvovirus infections in other species suggest the existence of a similar syndrome in swine. 5, 6, 12, 15 The necrotizing myocardial lesions in sections of heart were consistent with bacterial localization following bacteremia, and in contrast to the lesions seen in other species, no evidence of viral infection was detected in tissues other than the small intestine. Because parvovirus was not recovered from this case, it is impossible to determine whether the intestinal lesions resulted from infection by a PPV, a variant of PPV with a tropism for enterocytes, or a strain of parvovirus originating in a different host.
